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(57) ABSTRACT 

An exhaust gas purifying system for a cylinder direct 
internal combustion engine having a fuel injector valve for 
directly injecting fuel into a combustion chamber of the 
engine. The exhaust gas purifying system comprises an 
adsorbent catalytic converter disposed in an exhaust gas 
passageway of the engine. The adsorbent catalytic converter 
including a catalytic element having an adsorption layer. The 
adsorption layer contains an adsorbent for adsorbing HC 
(hydrocarbons) of exhaust gas in a ?rst temperature range 
and to release the adsorbed HC in a second temperature 
range Which is high relative to the ?rst temperature range, 
and a catalyst component for promoting reaction for oxidiZ 
ing HC Which is released from the adsorbent. A control unit 
is provided to be programmed to carry out (a) judging that 
a temperature of the adsorption layer has reaches a releasing 
level relating to the second temperature range, so as to make 
a ?rst judgment result; (b) judging that a temperature of 
exhaust gas ?oWn into the adsorbent catalytic converter Will 
rise upon injection of an additional fuel from the fuel 
injector valve into the combustion chamber during a time 
period including an expansion stroke and an exhaust stroke 
of the engine, so as to make a second judgment result; and 
(c) causing the fuel injector valve to controllably inject the 
additional fuel during the time period including the expan 
sion stroke and the exhaust stroke of the engine upon making 
both the ?rst and second judgment results. 

6 Claims, 4 Drawing Sheets 
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EXHAUST GAS PURIFYING SYSTEM FOR 
INTERNAL COMBUSTION ENGINE 

BACKGROUND OF THE INVENTION 

The present invention relates to improvements in an 
exhaust gas purifying system for a cylinder direct injection 
internal combustion engine, more particularly to the 
improvements for achieving exhaust gas puri?cation at a 
time immediately after starting of the engine. 

In order to purify exhaust gas discharged from an auto 
motive internal combustion engine, a catalytic converter 
including a catalytic element has been hitherto used to be 
disposed in an exhaust gas passageWay of the engine. The 
catalytic element carries catalyst components such as noble 
metals (platinum, palladium, rhodium and the like) or other 
metals. Under the catalytic action of such catalyst 
components, HC (hydrocarbons), CO (carbon monoxide), 
NOx (nitrogen oxides) and the like as noxious components 
in exhaust gas are oxidiZed or reduced to be converted to 
harmless gases. NoW, it is necessary to raise the temperature 
of exhaust gas and accordingly the temperature of the 
catalytic components in order to effect the catalytic action of 
the catalytic components. For example, it is necessary to 
raise the temperature of the catalyst components to 200 to 
300° C. in order to effect the catalytic action for oxidiZing 
HC. HoWever, at a time immediately after starting of the 
engine, the temperature of exhaust gas is loW and therefore 
cannot reach a level (for example, above 200° C.) for 
activating the catalyst components, so that oxidation of HC 
is hardly accomplished. As a result, an amount of HC 
emitted to the atmosphere Will increase. 

In vieW of the above, in order to solve the above 
discussed problems, a variety of techniques have been 
hitherto proposed as disclosed in Japanese Patent Provi 
sional Publication Nos. 6-241028, 7-144119, 9-256840 and 
8-296485. 

SUMMARY OF THE INVENTION 

Of the above conventional techniques, one disclosed in 
Japanese Patent Provisional Publication No. 8-296485 is 
arranged as folloWs: In a cylinder direct injection internal 
combustion engine in Which fuel is directly injected from a 
fuel injector valve into an engine cylinder, additional fuel is 
injected from the fuel injector valve into the engine cylinder 
in or after expansion stroke of the engine, so that the 
additional fuel is mixed in its unburned state With air and 
supplied to an exhaust system so as to be burned around a 
catalytic element thereby smoothly raising the temperature 
of catalyst component in the catalytic element. 

HoWever, in this conventional technique, there is the fear 
that the additional fuel cannot be suf?ciently burnt, for 
example, at a time immediately after engine starting at a loW 
temperature. At such a time, the temperature of an exhaust 
port, an exhaust manifold, an exhaust pipe, and a catalytic 
converter Which form parts of an exhaust gas passageWay is 
loW. Accordingly, not only exhaust gas cannot be heated, but 
also the additional fuel is unavoidably discharged to the 
atmosphere. 

It is, therefore, an object of the present invention to 
provide an improved exhaust gas purifying system for an 
internal combustion engine, Which can effectively overcome 
draWbacks encountered in similar conventional exhaust gas 
purifying systems for internal combustion engines. 

Anther object of the present invention is to provide an 
improved exhaust gas purifying system for an internal 
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2 
combustion engine, Which can securely and smoothly raise 
the temperature of a catalyst component in a catalytic 
converter and activate the catalyst component, thereby 
effectively reducing unburned HC emitted to the atmosphere 
Without being equipped With any special exhaust gas heating 
apparatus. 
A further object of the present invention is to provide an 

improved exhaust gas purifying system for a cylinder direct 
injection internal combustion engine equipped With an 
adsorbent catalytic converter having a HC adsorbent, in 
Which additional fuel can be injected from a fuel injector 
valve into an engine cylinder in case that unburned hydro 
carbon adsorbed in the adsorbent is to release before acti 
vation of a catalyst component of the catalytic converter 
With a temperature rise after engine starting at a loW tem 
perature. 
An aspect of the present invention resides in an exhaust 

gas purifying system for an internal combustion engine 
having a fuel injector valve for directly injecting fuel into a 
combustion chamber of the engine. The exhaust gas puri 
fying system comprises an adsorbent catalytic converter 
disposed in an exhaust gas passageWay of the engine, the 
adsorbent catalytic converter including a catalytic element 
having an adsorption layer. The adsorption layer contains an 
adsorbent Which is able to adsorb HC (hydrocarbons) of 
exhaust gas in a ?rst temperature range and to release the 
adsorbed HC in a second temperature range higher than the 
?rst temperature range, and a catalyst component for pro 
moting reaction for oxidiZing HC Which is released from the 
adsorbent. A control unit is provided to be programmed to 
carry out (a) judging that a temperature of the adsorption 
layer reaches a releasing level relating to the second tem 
perature range, so as to make a ?rst judgment result; (b) 
judging that a temperature of exhaust gas ?oWn into the 
adsorbent catalytic converter Will rise upon injection of an 
additional fuel from the fuel injector valve into the com 
bustion chamber during a time period including an expan 
sion stroke and an exhaust stroke of the engine, so as to 
make a second judgment result; and (c) causing the fuel 
injector valve to controllably inject the additional fuel 
during the time period including the expansion stroke and 
the exhaust stroke of the engine upon making both the ?rst 
and second judgment results. 
Another aspect of the present invention resides a process 

for purifying exhaust gas from an internal combustion 
engine having a fuel injector valve for directly injecting fuel 
into a combustion chamber of the engine, and equipped With 
an adsorbent catalytic converter disposed in an exhaust gas 
passageWay of the engine. The adsorbent catalytic converter 
includes a catalytic element having an adsorption layer. The 
adsorption layer contains an adsorbent Which is able to 
adsorb HC (hydrocarbons) of exhaust gas in a ?rst tempera 
ture range and to release the adsorbed HC in a second 
temperature range higher than the ?rst temperature range, 
and a catalyst component for promoting reaction for oxidiZ 
ing HC Which is released from the adsorbent. The process 
comprises (a) judging that a temperature of the adsorption 
layer reaches a releasing level relating to the second tem 
perature range, so as to make a ?rst judgment result; (b) 
judging that a temperature of exhaust gas ?oWn into the 
adsorbent catalytic converter Will rise upon injection of an 
additional fuel from the fuel injector valve into the com 
bustion chamber during a time period including an expan 
sion stroke and an exhaust stroke of the engine, so as to 
make a second judgment result; and (c) causing the fuel 
injector valve to controllably inject the additional fuel 
during the time period including the expansion stroke and 
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the exhaust stroke of the engine upon making both the ?rst 
and second judgment results. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic illustration of a ?rst embodiment of 
an exhaust gas purifying system for an internal combustion 
engine, according to the present invention; 

FIG. 2 is an enlarged sectional vieW of a catalytic element 
of a catalytic converter forming part of the exhaust gas 
purifying system of FIG. 1; 

FIG. 3 is a ?oWchart of a routine of control executed by 
a control unit forming part of the exhaust gas purifying 
system of FIG. 1; and 

FIG. 4 is another ?oWchart of a routine of control 
executed by a control unit forming part of a second embodi 
ment of the exhaust gas purifying system according to the 
present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Referring noW to FIG. 1, a ?rst embodiment of an exhaust 
gas purifying system P is illustrated in combination With an 
internal combustion engine 1. The engine 1 of this embodi 
ment is for an automotive vehicle and of a four-stroke cycle 
type having intake stroke, compression stroke, expansion 
stroke and exhaust stroke. The engine 1 is of a cylinder 
direct injection type Wherein fuel is directly injected into a 
cylinder or combustion chamber 12 of the engine 1, and 
therefore is provided With a fuel injector valve 5 Whose tip 
end is exposed in the combustion chamber 12. An spark plug 
7 is disposed to project in the combustion chamber 12 and 
located generally along the axis of the cylinder. 
A coolant temperature sensor 6 is provided to detect a 

temperature of engine coolant in a Water jacket 13. The 
coolant temperature sensor 6 is adapted to generate a detec 
tion signal representative of the engine coolant temperature. 
An air ?oW meter 2 is disposed in an intake air passageWay 
4 so as to detect a quantity of intake air passing through the 
intake air passageWay 4. The air ?oW meter 2 is adapted to 
generate a detection signal representative of the intake air 
quantity. A throttle valve 3 is disposed in the intake air 
passageWay 4 so as to control a quantity of intake air ?oWing 
through the intake air passageWay 4. 
An adsorbent catalytic converter 10 is disposed in an 

exhaust gas passageWay 9 so as to purify exhaust gas 
?oWing through the exhaust gas passageWay 9. The adsor 
bent catalytic converter 10 has a function to adsorb HC 
(hydrocarbons) of exhaust gas. The adsorbent catalytic con 
verter 10 is provided With a catalyst temperature sensor 11 
for detecting a temperature of a catalyst component in the 
adsorbent catalytic converter 10. The catalyst temperature 
sensor 11 is adapted to generate a detection signal repre 
sentative of the catalyst component temperature. It Will be 
understood that a common catalytic converter may be dis 
posed in the exhaust gas passageWay 9 and located upstream 
of the adsorbent catalytic converter 10. The detection signal 
generated respectively by the air ?oW meter 2, and the 
temperature sensors 6, 11 are input to a control unit 8. 

The control unit 8 is constructed and arranged to control 
a timing, a time duration, frequencies of fuel injection from 
the fuel injector valve 4, in accordance With the above 
detection signals. More speci?cally, fuel injection of the fuel 
injector valve 5 is made around intake stroke in case that a 
homogeneous charge combustion is carried out upon sup 
plying the combustion chamber 12 With a generally homo 
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4 
geneous air-fuel mixture, for example, at a full throttle 
poWer output of the engine. OtherWise, fuel injection of the 
fuel injector valve 5 is made around top dead center in 
compression stroke in case that a strati?ed charge combus 
tion is carried out upon forming a relatively rich air-fuel 
mixture around the spark plug 7, for example, at a loW load 
engine operating range. In this embodiment, additional fuel 
is controllably injected from the fuel injector valve 5 into the 
combustion chamber 12 during a time period including 
expansion stroke and exhaust stroke, for example, during an 
engine starting in a loW temperature condition, in addition to 
fuel injection in the above-discussed normal manners. The 
additional fuel is burnt in the exhaust gas passageWay 9 
thereby to smoothly raise the temperature of a catalyst 
component in the catalytic element 14 of the adsorbent 
catalytic converter 10 so as to effectively activate the cata 
lyst component. 
The structure of the catalytic element 14 is illustrated in 

detail in FIG. 2. The catalytic element 14 includes a 
honeycomb-monolithic carrier 14b formed of ceramic or 
metal. The carrier 14b has a plurality of cells 14a Which 
axially extend and through Which exhaust gas passes. In this 
embodiment, each cell 14a is rectangular in cross-section 
and de?ned by upper and loWer inner Wall surfaces (not 
identi?ed) and left-side and right-side inner Wall surfaces 
(not identi?ed). All the Wall surfaces are coated With an 
adsorption layer 14c, serving as an inner coating layer. The 
adsorption layer 14c functions to adsorb HC component in 
exhaust gas. Acatalytic layer 14d is coated on the adsorption 
layer 14c so as to cover the adsorption layer 14c, serving as 
a surface layer. The catalytic layer 14d contains the catalyst 
component for promoting reaction for purifying (oxidiZe 
and/or reduce) noxious gas components contained in exhaust 
gas. It Will be understood that the catalytic element 14 is 
formed With the many axially extending cells 14a each of 
Which is arranged as discussed above. 

The adsorption layer 14c is formed of a material contain 
ing an adsorbent such as Zeolite as a main component. The 
adsorbent may, for example, be one Which is obtained by 
causing Zeolite to be subjected to ion exchange With metal. 
The adsorbent has, in general, a characteristics to adsorb HC 
at a loW temperature range (for example, 100° C. to 200° C.) 
and to release HC at a high temperature range Which is on 
a higher side in temperature relative to the loW temperature 
range, so that a part of the high temperature range may 
overlap a part of the loW temperature range. 
The catalytic layer 14d contains the catalyst component 

such as noble metal (platinum, palladium, rhodium, and the 
like). The catalyst component is a conventional three-Way 
catalyst, or preferably the conventional three-Way catalyst 
Whose palladium content is higher than a usual level. The 
catalyst component is, in general, activated at a temperature 
(activation level) ranging from 200° C. to 300° C. thereby 
promoting reaction for purifying the noxious gas compo 
nents in exhaust gas. 
The adsorption layer 14c may contain the catalyst com 

ponent in addition to the adsorbent, Which Will cause no 
problem. The adsorption layer 14c may include a plurality of 
layers Which respectively contain different adsorbents. 
Similarly, the catalytic layer 14d may includes a plurality of 
layers Which respectively contain different catalyst compo 
nents. OtherWise, the inner Wall surfaces de?ning each cell 
14a may be coated With only one layer Which is formed by 
mixing the catalyst component in the adsorption layer 14c. 
The adsorption layer 14c may be formed at the upstream 
side of the catalytic element 14, in Which the catalytic layer 
14d is formed at the doWnstream-side of the catalytic 
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element 14. The catalytic element 14 may include an 
upstream-side catalytic element having only the adsorption 
layer 14c, and a downstream-side catalyst element located 
downstream of and adjacent the upstream-side element, the 
downstream-side catalytic element having only the catalytic 
layer 14d. Thus, the construction of the catalytic element 14 
is not limited to one of the above embodiment, and therefore 
it is suf?cient that the catalytic element 14 includes the 
adsorption layer containing the adsorbent, and a catalyst 
component for promoting reaction for oxidiZing HC released 
from the adsorption layer. 

Abasic operation of the exhaust gas purifying system P of 
this embodiment will be discussed. 

The additional fuel is injected from the fuel injector valve 
into the combustion chamber 12 during the time period 
including expansion stroke and exhaust stroke in case that a 
result of a judgement is made in accordance with the catalyst 
component temperature detected by the catalyst temperature 
sensor 11, such that the temperature of the catalyst compo 
nent has not reached the activation level; the temperature of 
the adsorption layer 14c has reached the releasing level at 
which HC can release or will immediately release from the 
adsorption layer 14c; and the temperature within the exhaust 
gas passageway 9 has reached a level at which HC is 
burnable within the exhaust gas passageway 9. The addi 
tional fuel is hardly combusted in the combustion chamber 
12, and therefore an almost whole part of the additional fuel 
is discharged in its unburned state into the exhaust gas 
passageway 9 in the exhaust stroke of the engine. In other 
words, in the exhaust stroke, the additional fuel is discharged 
together with high temperature exhaust gas to the exhaust 
gas passageway 9, in which the additional fuel is converted 
into burnable gas in the exhaust gas passageway 9 in a high 
temperature condition and then is naturally burned in the 
exhaust gas passageway 9. Thus, such burned additional fuel 
effectively raises the temperature of exhaust gas within the 
exhaust gas passageway 9, thereby smoothly raising the 
temperature of the catalyst component in the catalytic ele 
ment 14 of the adsorbent catalytic converter 10 and activat 
ing the catalyst component. Then, when the temperature of 
the catalyst component has reached the activation level, 
supply of the additional fuel from the fuel injector valve 5 
is stopped. 

Next, a manner of the operation of the exhaust gas 
purifying system P will be discussed with reference to a 
?owchart in FIG. 3, in which a routine of the ?owchart is 
executed, for example, every 10 msec. 

First at a step S1, a judgement is made as to whether the 
catalyst component in the catalytic element 14 of the adsor 
bent catalyst converter 10 has been activated or not, in 
accordance with the catalyst component temperature 
detected by the catalyst component temperature sensor 11. 
Speci?cally, a judgment is made as to whether the tempera 
ture of the catalyst component has reached the activation 
level (for example, 250° C.) or not. If the catalyst tempera 
ture sensor 11 is not provided, the catalyst temperature can 
be indirectly estimated, for example, from the temperature 
of the engine coolant. When a result of the judgment is made 
at the step S1 such that the catalyst component has been 
activated, it is unnecessary to further raise the temperature 
of the catalyst component, and therefore a ?ow goes to a step 
S5 at which a normal fuel injection control is carried out in 
which no additional fuel injection is made. When a result of 
the judgment is made such that the catalyst component is in 
an inactive state, the ?ow goes to a step S2. 
At the step S2, a judgment is made as to whether HC has 

begun to release from the adsorption layer 14c, in accor 
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6 
dance with the catalyst temperature detected by the catalyst 
temperature sensor 11. In other words, a judgment is made 
as to whether or not the temperature of the adsorption layer 
14c has reached a releasing level (for example, 200° C.) at 
which HC can release or will immediately release. When a 
result of the judgment is made such that the temperature of 
the adsorption layer 14c has not reached the releasing level 
at the step S2, i.e., the adsorption layer 14c is in a low 
temperature range to adsorb HC, the ?ow goes to the step S5 
in which the normal fuel injection control is carried out in 
which no additional fuel is injected. In contrast, when a 
result of the judgment is made such that the temperature of 
the adsorption layer 14c has reached the releasing level, the 
?ow goes to a step S3. 
At the step S3, a judgment is made as to whether or not 

a certain burning condition will be established within the 
exhaust gas passageway 9 upon the additional fuel being 
injected from the fuel injector valve 5 into the combustion 
chamber 12 during the time period including the expansion 
stroke and the exhaust stroke of the engine, in accordance 
with the temperature in the exhaust gas passageway 9 
upstream of the adsorbent catalytic converter 10. In other 
words, a judgment is made as to whether or not the tem 
perature of exhaust gas ?own to the adsorbent catalytic 
converter 10 will suitably rise upon proceeding of burning of 
the additional fuel within the exhaust gas passageway 9, or 
not. 

More speci?cally, such a judgment is made, for example, 
?rst by estimating a temperature of an exhaust port (not 
identi?ed) or the like of the engine 1 from detection of the 
fact that a certain time has lapsed since engine starting, from 
detection of the fact that the temperature of the engine 
coolant detected by the coolant temperature sensor 6 has 
reached a certain level, or from a driving history of the 
engine since the engine starting, and then by detecting that 
the thus estimated temperature has reached a certain high 
level. In this regard, if the temperature of the exhaust port, 
an exhaust manifold (not identi?ed), an exhaust pipe (not 
identi?ed) or the like has been over the certain high level, it 
is judged that the additional fuel can be burnt within the 
exhaust gas passageway 9. 
When the judgment at the step S3 provides such a 

judgement result that the certain burning condition will not 
be established within the exhaust gas passageway 9, the ?ow 
goes to the step S5 at which the normal fuel injection control 
is carried out in which no additional fuel is injected. This is 
because, even if the additional fuel is injected, a major part 
of the additional fuel in its unburned state ?ows into the 
absorbent catalytic converter 10 so that a rapid temperature 
rise of the catalyst component cannot be expected. In 
contrast, when the judgment at the step S3 provides such a 
judgment result that the certain burning condition will be 
established within the exhaust gas passageway 9, the ?ow 
goes to the step S4 at which the additional fuel is injected 
from the fuel injector valve 5 into the combustion chamber 
12 during the time period including the expansion stroke and 
the exhaust stroke of the engine, as discussed above. 

Thus, according to this embodiment, the additional fuel is 
injected from the fuel injector valve 5 into the combustion 
chamber 12 during the time period including the expansion 
stroke and the exhaust stroke of the engine when the 
temperature of the catalyst component has not reached the 
activation level; the temperature of the adsorption layer 14c 
has reached the certain releasing level; and the additional 
fuel is burnable within the exhaust gas passageway 9. In 
other words, the additional fuel is controllably injected from 
the fuel injector valve 5 when unburned HC adsorbed in the 
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adsorption layer 14c Will immediately release from the 
adsorption layer 14c before the catalyst component is acti 
vated With a temperature rise of exhaust gas, for example, 
after the engine starting in the loW temperature condition. 
The injected additional fuel is discharged together With high 
temperature exhaust gas into the exhaust gas passageWay 9 
in the exhaust stroke of the engine and burned Within the 
exhaust gas passageWay 9. As a result, the temperatures 
Within the exhaust gas passageWay 9 and the adsorbent 
catalytic converter 10 are rapidly increased so that the 
temperature of the catalyst component in the adsorbent 
catalytic converter 10 smoothly reaches the activation level. 

The adsorbent catalytic converter 10 of this embodiment 
has the catalytic element 14 Which takes a multiple coating 
layer structure in Which the catalytic layer 14d is formed as 
the surface layer While the adsorption layer 14c is formed as 
the inner layer. Accordingly, during a temperature rise due to 
high temperature exhaust gas, ?rst the temperature of the 
catalytic layer (surface layer) 14d rises, and then the tem 
perature of the adsorption layer (inner layer) 14c gradually 
rises. This effectively shortens a time period betWeen a time 
at Which the temperature of the adsorption layer 14c has 
reached to the releasing level and a time at Which the 
temperature of the catalytic layer 14d has reached the 
activating temperature, i.e., the time period in Which the 
catalytic layer 14d is in the inactive state though HC has 
begun to release from the adsorption layer 14c. Additionally; 
if such a time period exits, the additional fuel is immediately 
injected from the fuel injector valve 5 thereby smoothly 
raising the temperature of the catalyst component. As a 
result, an almost Whole amount of HC Which has been 
released from the adsorption layer 14c With temperature rise 
of exhaust gas is oxidiZed and converted into harmless gases 
during passage through the catalytic element 14, so that HC 
is hardly discharged into the outside of the engine. 

Next, a second embodiment of the exhaust gas purifying 
system P according to the present invention Will be dis 
cussed With reference to a ?owchart in FIG. 4. The ?owchart 
shoWs a routine of a control, executed, for example, every 10 
msec. The exhaust gas purifying system P of this embodi 
ment is the same in mechanical construction as that of the 
?rst embodiment. 

First, at a step S11, a judgment is made as to Whether the 
catalyst component in the catalytic element 14 of the adsor 
bent catalytic converter 10 has been activated or not, in 
accordance With the catalyst component temperature 
detected by the catalyst temperature sensor 11. Speci?cally, 
a judgment is made as to Whether the temperature of the 
catalyst component has reached the activation level (for 
example, 250° C.) at Which the catalyst component is 
activated. When a result of the judgment is made such that 
the catalyst component has been activated, at the step S11, 
it is unnecessary to further raise the temperature of the 
catalyst component, and therefore a How goes to a step S16 
at Which the normal fuel injection control is carried out in 
Which no additional fuel injection is made. When a result of 
the judgment is made such that the catalyst component is in 
the inactive state, the How goes to a step S12. 

At the step S12, a judgment is made as to Whether or not 
a ?rst burning condition Will be established Within the 
exhaust gas passageWay 9 upon the additional fuel being 
injected from the fuel injector valve 5 into the combustion 
chamber 12 during the time period including the expansion 
stroke and the exhaust stroke of the engine, in accordance 
With, for example, the temperature in the exhaust gas 
passageWay 9 upstream of the adsorbent catalytic converter 
10. In other Words, a judgment is made as to Whether or not 
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8 
the temperature of exhaust gas ?oWn to the adsorbent 
catalytic converter 10 Will suf?ciently rise upon effective 
burning of the additional fuel Within the exhaust gas pas 
sageWay 9 so that the concentration of unburned HC ?oWing 
into the absorbent catalytic converter 10 is reduced as 
compared With that in case that the additional fuel is not 
injected. Speci?cally, such a judgment is made, for example, 
?rst by estimating a temperature of an exhaust port (not 
identi?ed) or the like of the engine 1 from the fact that a 
certain time has lapsed since engine starting, from the fact 
that the temperature of the engine coolant detected by the 
coolant temperature sensor 6 has reached a certain level, or 
from a driving history of the engine since the engine starting, 
and then by detecting that the thus estimated temperature has 
reached a certain level (?rst threshold level) or not. At the 
step S12, When a result of the judgment is made such that the 
?rst burning condition Will be established, the How goes to 
a step S15 at Which a control for injecting the additional fuel 
during the time period including the expansion stroke and 
the exhaust stroke is made and terminates this routine. 

Thus, according to this embodiment, the additional fuel is 
immediately controllably injected from the fuel injector 
valve 5 regardless of the fact that the temperature of the 
adsorption layer 14c has reached the releasing level, in case 
that the judgment result is made such that the temperature of 
the catalyst component has not reached the activation level 
and that the additional fuel Will be effectively burned Within 
the exhaust gas passageWay 9 upon injection of the addi 
tional fuel during the time period including the expansion 
stroke and the exhaust stroke so as to relatively reduce 
unburned HC to be ?oWn into the adsorbent catalytic 
converter 10. As a result, for example, during the engine 
starting in a loW temperature condition, the temperature of 
the catalyst component can be further smoothly raised to the 
activation level Without accompanying an increase in emis 
sion of unburned HC. 
When a judgment result is made at the step S12 such that 

the ?rst burning condition Will not be established, the How 
goes to a step S13. At the step S13, a judgment is made as 
to Whether or not the temperature of the adsorption layer 14c 
in the adsorbent catalytic converter 10 has reached the 
releasing level (for example, 200° C.) at Which HC can 
release or Will immediately release from the adsorption layer 
14c. When a result of the judgement is made at the step S13 
such that the temperature of the adsorption layer 14c has not 
yet reached the releasing level, the How goes to the step S16 
at Which the normal fuel injection control is made in Which 
no additional fuel is injected. When a result of the judgment 
is made at the step S13 such that the temperature of the 
adsorption layer 14c has reached the releasing level, the How 
goes to a step S14. 

At the step S14, a judgment is made as to Whether or not 
a second burning condition Will be established Within the 
exhaust gas passageWay 9 upon the additional fuel being 
injected from the fuel injector valve 5 into the combustion 
chamber 12 during the time period including the expansion 
stroke and the exhaust stroke of the engine, in accordance 
With, for example, the temperature in the exhaust gas 
passageWay 9 upstream of the adsorbent catalytic converter 
10. In other Words, a judgment is made as to Whether or not 
the additional fuel is burned to some extent Within the 
exhaust gas passageWay 9 so as to raise the temperature of 
exhaust gas in a manner that the concentration of unburned 
HC to be ?oWn into the adsorbent catalytic converter 10 is 
not increased as compared With that in case that the addi 
tional fuel is not injected. Such a judgement is made, for 
example, ?rst by estimating the temperature of the exhaust 
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port (not identi?ed) or the like of the engine 1 from the fact 
that a certain time has lapsed since engine starting, from the 
fact that the temperature of the engine coolant detected by 
the coolant temperature sensor 6 has reached a certain level, 
or from a driving history of the engine since the engine 
starting, and then by detecting that the thus estimated 
temperature has reached a certain level (second threshold 
level). The second threshold level is suitably set taking 
account of, for example, a rising-change of exhaust gas 
temperature upon injection of the additional fuel, and a 
change in quantity of unburned hydrocarbons ?oWn into the 
adsorbent catalytic converter 10. The second threshold level 
is set loWer than the ?rst threshold level used to judge the 
?rst burning condition. 
When a result of the judgement is made in the step S14 

such that the concentration of HC to be ?oWn into the 
absorbent catalytic converter 10 Will be increased, the tem 
perature of exhaust gas cannot be suf?ciently raised so that 
much unburned HC is ?oWn into the adsorbent catalytic 
converter 10 even if the additional fuel is injected. 
Therefore, the How goes to the step S16 at Which injection 
of the additional fuel is stopped in Which the normal fuel 
injection control is made. 
When a result of the judgement is made in the step S14 

such that the exhaust gas temperature increases so that the 
concentration of HC to be ?oWn into the absorbent catalytic 
converter 10 hardly increases upon injection of the addi 
tional fuel, the How goes the step S15 at Which the additional 
fuel is controllably injected. Accordingly, the temperature of 
the catalyst component can be smoothly raised to the acti 
vation level Without increasing emission of unburned HC, 
thus further effectively loWering the emission of unburned 
HC. 

It Will be understood that a separate catalytic converter 
may be disposed in the exhaust gas passageWay 9 upstream 
of the adsorbent catalytic converter 10, though not shoWn. In 
this case, When the additional fuel is burned, unburned HC 
is burned and reduced in the upstream-side separate catalytic 
converter so that the separate catalytic converter is rapidly 
heated, upon Which exhaust gas from the separate catalytic 
converter heats the doWnstream-side adsorbent catalytic 
converter 10. 

The entire contents of Japanese Patent Application P10 
227474 (?led Aug. 12, 1998) are incorporated herein by 
reference. 

Although the invention has been described above by 
reference to certain embodiments of the invention, the 
invention is not limited to the embodiments described 
above. Modi?cations and variations of the embodiments 
described above Will occur to those skilled in the art, in light 
of the above teachings. The scope of the invention is de?ned 
With reference to the folloWing claims. 
What is claimed is: 
1. An exhaust gas purifying system for an internal com 

bustion engine having a fuel injector valve for directly 
injecting fuel into a combustion chamber of the engine, 
comprising: 

an adsorbent catalytic converter disposed in an exhaust 
gas passageWay of the engine, said adsorbent catalytic 
converter including a catalytic element having an 
adsorption layer, said adsorption layer containing an 
adsorbent Which is able to adsorb HC (hydrocarbons) 
of exhaust gas in a ?rst temperature range and to release 
the adsorbed HC in a second temperature range Which 
is higher than the ?rst temperature range, and a catalyst 
component for promoting reaction for oxidiZing HC 
Which is released from said adsorbent; and 
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a control unit programmed to carry out 

judging Whether a temperature of said adsorption layer 
has reached a releasing level so as to make a ?rst 
judgment result; 

judging Whether a temperature of exhaust gas ?oWing 
into said adsorbent catalytic converter Will rise upon 
injection of an additional fuel amount from said fuel 
injector valve into the combustion chamber during a 
time period including an expansion stroke and an 
exhaust stroke of the engine, so as to make a second 
judgment result; 

judging Whether a temperature of the catalyst compo 
nent has not reached an activation level at Which the 
catalyst component is activated, so as to make a third 
judgment result; and 

causing said fuel injector valve to controllably inject 
the additional fuel amount during the time period 
including the expansion stroke and the exhaust 
stroke of the engine upon making the ?rst judgment 
result that the temperature of said adsorption layer 
has reached the releasing level, the second judgment 
result that the temperature of exhaust ?oWing into 
said adsorbent catalytic converter Will rise upon 
injection of the additional fuel amount, and the third 
judgment result that the temperature of the catalyst 
component has not reached the activation level. 

2. An exhaust gas purifying system as claimed in claim 1, 
Wherein said control unit is programmed to carry out 

judging that a concentration of unburned HC to be ?oWn 
into said adsorbent catalytic converter Will increase 
upon injection of the additional fuel, so as to make a 
fourth judgment result; and 

stopping injection of the additional fuel from said fuel 
injector valve upon making the fourth judgment result. 

3. An exhaust gas purifying system as claimed in claim 1, 
Wherein said control unit programmed to carry out 

judging that a concentration of unburned HC to be ?oWn 
into said adsorbent catalytic converter Will decrease 
upon injection of the additional fuel, so as to make a 
fourth judgment result; and 

causing said fuel injector valve to inject the additional 
fuel during the time period including the expansion 
stroke and the exhaust stroke of the engine regardless 
of the temperature of the adsorption layer. 

4. An exhaust gas purifying system as claimed in claim 1, 
Wherein said releasing level is slightly loWer than or Within 
the second temperature range so that HC adsorbed in said 
adsorbent is releasable at said releasing level or When the 
temperature of said adsorption layer exceeds said releasing 
level. 

5. An exhaust gas purifying system for an internal com 
bustion engine having a fuel injector valve for directly 
injecting fuel into a combustion chamber of the engine, 
comprising 

an adsorbent catalytic converter disposed in an exhaust 
gas passageWay of the engine, said adsorbent catalytic 
converter including a catalytic element having an 
adsorption layer, said adsorption layer containing an 
adsorbent Which is able to adsorb HC (hydrocarbons) 
of exhaust gas in a ?rst temperature range and to release 
the adsorbed HC in a second temperature range Which 
is higher than the ?rst temperature range, and a catalyst 
component for promoting reaction for oxidiZing HC 
Which is released from said adsorbent; 

means for judging Whether a temperature of said adsorp 
tion layer has reached a releasing level so as to make a 
?rst judgment result; 
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means for judging Whether a temperature of exhaust gas 
?owing into said adsorbent catalytic converter Will rise 
upon injection of an additional fuel amount from said 
fuel injector valve into the combustion chamber during 
a time period including an expansion stroke and an 
exhaust stroke of the engine, so as to make a second 
judgment result; 

means for judging Whether a temperature of the catalyst 
component has not reached an activation level at Which 
the catalyst component is activated, so as to make a 
third judgment result; and 

means for causing said fuel injector valve to controllably 
inject the additional fuel amount during the time period 
including the expansion stroke and the exhaust stroke 
of the engine upon making the ?rst judgment result that 
the temperature of said adsorption layer has reached the 
releasing level, the second judgment result that the 
temperature of exhaust ?oWing into said adsorbent 
catalytic converter Will rise upon injection of the addi 
tional fuel amount, and the third judgment result that 
the temperature of the catalyst component has not 
reached the activation level. 

6. A process for purifying exhaust gas from an internal 
combustion engine having a fuel injector valve for directly 
injecting fuel into a combustion chamber of the engine, and 
equipped With an adsorbent catalytic converter disposed in 
an exhaust gas passageWay of the engine, the adsorbent 
catalytic converter including a catalytic element having an 
adsorption layer, the adsorption layer containing an adsor 
bent Which is able to adsorb HC (hydrocarbons) of exhaust 
gas in a ?rst temperature range and to release the adsorbed 
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HC in a second temperature range Which is higher than the 
?rst temperature range, and a catalyst component for pro 
moting reaction for oxidiZing HC Which is released from the 
adsorbent, said process comprising: 
judging Whether a temperature of said adsorption layer 

has reached a releasing level so as to make a ?rst 

judgment result; 
judging Whether a temperature of exhaust gas ?oWing into 

said adsorbent catalytic converter Will rise upon injec 
tion of an additional fuel amount from said fuel injector 
valve into the combustion chamber during a time 
period including an expansion stroke and an exhaust 
stroke of the engine, so as to make a second judgment 

result; 
judging Whether a temperature of the catalyst component 

has not reached an activation level at Which the catalyst 
component is activated, so as to make a third judgment 
result; and 

causing said fuel injector valve to controllably inject the 
additional fuel amount during the time period including 
the expansion stroke and the exhaust stroke of the 
engine upon making the ?rst judgment result that the 
temperature of said adsorption layer has reached the 
releasing level, the second judgment result that the 
temperature of exhaust ?oWing into said adsorbent 
catalytic converter Will rise upon injection of the addi 
tional fuel amount, and the third judgment result that 
the temperature of the catalyst component has not 
reached the activation level. 


